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ω∂ ﾁω7 ･f...+ω2k-l ﾁω訣 ﾁω2たﾁjﾁ...ﾁﾞﾘ'm-li' (5.3)
Proof:Ifthesumoftheweightsispositive,thesumofthe
71
numbersofcapacitorsin!randinductorsinicanbeincreased
byperformingthecommon-treetransformationspecifiedin
Theorem5.5,whichcontradicts?beinganormalcommontree.
Q.E.D.
Corollary'5.1
ThereiS'nosequenceofbranchesX―X_|X^I･･･f≪C:2k-lぶ2k'^2i<.+l'
･･･f2C =zthatsatisfiescondition(i)inTheorem5｡3(not
加
necessarilycondition(ii))foranormalcommontree?with
りﾘ″andωﾄﾞωﾀﾞ'‘ヴω加-r°-
Proof:ｴfasequencesatisfyingonlycondition(i)existed,T'
obtainedby(5.2)mayormaynotbeacommontree,butthe
sequencecontainsasubsequencewhichalsosatisfiesconditions
(i)and(ii).･Acontradictioncanbeshownforthissubse-
quence″sinceitcontainSXWhoseweightω∂゜j゛
Q.E.D.
Anefficientalgorithm･toobtainanormalcommontreeIsnow
available.
[5.4】
Althoughthevoltagesofthecapacitorsinanoinnalcommon
treeandthecurrentsthroughtheinductorsinthecotreeof
thenormalcommontreearetoconstituteasetofthestate
variables,derivationofthestateequationsforthesevariables
sometimesneedsacompleχprocess.
5.3STATEEQUATIONSOFLINEARACT工VENETWORKS
☆･Inspiteofthesimplestatementontheorderofcomplexity
4nterms｡0fanormalcommontree,weencountersubtledifficulty
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inderivingthestateequations･ifVJGuseanormalcommontree.
Herewediscussderivationofstateequationsusinganover-
normaltree.[1‘2]【5°2H5°5】
WefindanovernormaltreeofG*,denotedbyT,havingthe･
followingproperties.
1.Tcontainsalltheindependentvoltagesourcesandcurrent
sensors.
2
3
4
5
6
!Tcontainsamaximumofcontrolledvoltagesourcesconsist-
entwithproperty1.
7containsamaximumofcapacitorsconsistentwithproper-
tiesland2.
?containsnoindependentcurrentsourcesnorvoltage
sensors.
rcontainsaminimumofcontrolledsourcesconsistentwith
property4.
?containsaminimumofinductorsconsistentwithproperties
4and5.
Atreehavingtheabovepropertiescanalwaysbefoundin
G4withthetopologicalrestrictions(ii)specifiedinsection
1.2.Nowweassumethat?containsallthecontrolledvoltage
sourcesbutnocontrolledcurrentsource.Theelementsin?,･
thatis,theindependentvoltagesources,currentsensors,
controlledvoltagesources,capacitors,resistorsandinductors
in?areindicatedbye,a,B,a,gandf,respectively.The
elementsinthecotreeofT,thatis,theindependentcurrent
sourceszvoltagesensors,controlledcurrentsources,inductors,
resistors.andcapacitors･in7areindicatedby3,t.&rI,『
ands,respectively･
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(5.4)V
'c
va
＼
Nowinordertomaketheform.ofthenetworkequations
βimplerwereplaceresistorsinrandibytheircontrolled
sourceequivalentsasshowninFig.5.1(a)and'(b)respectively.
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Fig.5.1(a)Equivalentcircuitforaresistorin!T.(b)Equivalent
-
circuitforaresistorinT.(c)Equivalentcircuitfora2
inductorinT.(d)Equivalentcircuitforaninductorin?.
Thenetworkequationsare,then.
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a｡幻
(5.7)
whereV.and･i'.arethevoltageandcurrentvectors,respec-
tively,associatedwiththeelementsasnotedbythesubscripts
B..andQ..arethesubmatricesoftheprincipalpartsofthe
fundamentalloopandcutsetmatrices,respectiφely,associated
withtheelementsasnotedbythesubscripts‘D,D″DZ″Df″
DaaandD6Yarediaqonalmatricesoftheelementvaluesasare
respectivelyindicatedbythesubscripts.sincewearemainly
concernedwiththestateequations,wearesatisfiedwithout
iiranediatelyknowingthecurrentsthroughthevoltagesources
orthevoltagesacrossthecurrentsources.Thereforetheヽ
equationsforthesevariablesarenotshown｡
Wefirsteliminate臨and%fromtheequationsin(5.7)
andthefirstequationsin(5.4)and(5.5).Thenweget
M(x6v6°'Q(xsis'＼iH'Q.1.
ﾁ‰6D6YrBYfvfﾁBYaSﾁﾞBY?y
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(5.8)
y66°'Bが,v
where
-Bv-Bv
YCayee
ﾁB
祁DβCQi+Q,i,+Q.i.;,
M邱゜D6(z‾j
z
'Q(x6D6YB傾
MY6°D6√j‘BY6D6(XQa6
ぽ.幻
(5.ﾕ0)
(5.11)
WeobservethatM(x6orM‘Y6becomessingularifandonlyif
themuiﾆualresistancesinD
恥
andthemutualconductancesin
hysatisfyacertainrelationspecifiedbythenetworktopol-
ogy.Wedistinguishthecaseswherethisoccursfromthecases
wheretherankofamatrixdecreasesduetothenetworktopol-
ogyonly.Iftheelementvaluescanbechosenarbitrary,M^^
andMY6canbemadenonsingular.andwecansolve(5.8)and
(5.9)forVg andi6 .Thenfromthethirdsetofequationsin
(5.4)and(5.5)weobtaintherelationbetweenv,
S
り' whichcanbewritten■intheform;
where
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andM6yaretheinversematrices‘ofM(16
????
?
?
and "y6
●●?″s
and
(5.12)
(5.13)
respective-
1y･
工f"a/isnonsingular″then(5.12)canbesolvedforsand
vf'Eliminatingthesevariablestogetherwith'aandHusing
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(5.5),weobtainasetofstateequations.Theorderof
complexityforthiscaseisthesumofthenumbersofcapacitors
andinductors.工f'sfissingularandthenullityofthe
matrixisy≫,theremustbeμsfrelationsamong^'V″vcand
ij(Possiblysomeofthethesevariablesmaybecomecoりstant.).
･-←
Thusanupperboundonthenumberofstatevariablesisgiven
bythesvunofthenumbersofthecapacitorsin?andinductors
iniplustherankofHsf'Thereforeweinvestigatetherﾀink
ofthismatrixinthefollowing.
Therearefourmatricesontheright-handsideof(5.13).
Thesecondandthethirdmatricesaresquareandbecomesingular
‘onlyiftherearecertainrelationsamongthemutualresistances
inhaandthemutualconductancesinD6Y‘Therankofthe
othertwomatricescanbedeterminedfromthenetworktopology
only°WedefinegraphGびs[Gis]゜sthegraphobtainedfromthe
voltagegraphGび[thecurrentgraphGに]bycontr°ctingtheca‾
pacitorsin?andtheinductorsinT,andbydeletingthe
inductorsinf,thevoltagesensors[thecontrolledcurrent
sources]andthecontrolledvoltagesources[thecurrentsensors]
leavingonlythecapacitorsini.Thenwehave:
Lemma5.1
TherankofB
邱
Proof:
(7
びS6
[G.
[Q
SubmatrixB
as
邱
1
【Q
isequaltotherankofG
びS
[‰s]
[χS
] correspondstothegraph,denotedby
],obtainedfromGﾘ[Gぞlbycontractingallthetree-
branchesexceptthecontrolledvoltagesources[currentsensors]
andbydeletinga;Llthechordsexceptthecapacitorsiny.
ThenLemma5.1followsimmediatelyfromCorollary2.2[Corollary
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2｡1]
WealsodefineG
Q.E.D.
好'IG‘£f]゛lsthegraphobtaine‘dfromGlj[Gii]
bydeletingtheinductorsin!randthecapacitorsinT,and
bycontractingthecapacitorsinT,thecontrolledvoltage
sources[currentsensors】andthevoltagesensors[controlled
currentsources],leavingonlytheinductorsin?.Then:
Lemma5.2
TherankofB
T丿qμ]isequaltothenullityof%丿%f]
Corollary5｡2∇
Matri°cBj6[Q]issquareandnonsingular1f'゜11donly'if
て;
びS6
【G£[ふ] isagraphconsistingofapairofdisjointtrees.
thatis,atreeofcontrolledvoltagesources[currentsensors]
andatreeofcapacitors.犬丿
ThedualcorollarytoCorollary5.2canalsobestated,but
isomittedhere.lﾄ...,●',.
Theorem5.7
rankof"≫r <_minfranicofG十nullityofG町'
=
S波ofG.+nullityofV-(5.14)
Proof:ApplyingSylvesterlstheoremfortherankofamat'r･ix
product,Lemma5.1andLemma5.2to(5.13),weeasilygetthe
result.‘ﾉ
Q.E.D
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Nowinordertomakethefollowingdiscussionssimplerwe
furtherreplacealltheinductorsinthenetworkbytheir
equivalentcircuitsasshowninFig.5.1(c)and(d).Then
thetermswithsubscriptsZandfin(5.4),(5.5)and(5,6)
disappear.Thetermsconcerninginductorsarealsodropped
from(5.8),(5.9)and(5.12).Fromtheresultantequations
weobtain
ﾁ
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Wearenowgoingtoderiveasetofstateequationsfrom
(5.15).LetusdenotetherankofB.M
Sa^as byps'Therank
ofthematriχinthe'left-handsideof(5.15)isthesumof
Psandthenumberofthecapacitorsin?.工fthereexistsa
(%xps) nonsingularprincipalminormatrixinBs6M6(x Q
cχs
we
-procedeasfollows.Firstdividingthecapacitorsin7into
twosets,indicatedbySiandS2.suchthatthecapacitorsin
thesecondsetcorrespondtothenonsingularprincipalminor
matrix.wecanwrite(5.15)as
0
^2si
whereA
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and2siarenonsingular.kliminating.is
l″is2
andobyuseof!5°6)andthenvsl″wehave
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Thematrixontheleft-handsideof(5.17)isnonsingular
unlessthereexistsaspecialrelationamongtheelement
values.Nofurtherdecreaseintheorderofcomplexityis
causedbythenetworktopoﾕLogyonly.】Asetofstate
equations,canbeobtainedbymultiplyingtheinverseofthis
matriχtobothsidesoftheequation.Notethatonlythe
firstderivativetermsoftheindependentsourcevoltages
and/orcurrentsmayappearinthestateequations.工fthe
matrixintheleft-handsideof(5,17)issingular,theprocess
usedtoderive(5.17)from(5.16)isrepeated,andeach
repetitionoftheprocessmayyieldhigherorderderivatives
oftheindependentsourcevoltagesand/orcurrents.Suirana-
rizmg.wehave:
｢rheorem5.8
工f
(i) ?containsallthecontrolledvoltagesources.butno
controlledcurrentsources,
(ii)nospecialrelationamongtheelementvalues,orthe
80
elementvaluesarearbitrary,and
(iii)B s6M恥%shas゛l(ps゛%)nonsingularprincipalminor
matrix,
then
(i)M(x13andM.arenonsingular″･
(ii)thecoefficientmatrixintheleft-handsideof(5.17)
isnonsingularandvandvconstitutetheSta七evari-
aS2
ables,and
(iii)atmostthefirstderivativesoftheindependentsource
voltagesand/orcurrentsappearinthesta七eequations.
Nowwelookintothenetworks,forwhichtheconditionsin
Theorem5.8donothold.
Case1-1.EveniftherankofB
alwaysexistsa(psxp8)
s6M6(XQ(zs･is‰'theremaynot
nonsingularprincipalminormatrix
Fore?<ample″ifcapacitorC2 inthenetworkshowninFig.5.2
isincludedinanovernormaltree.B-M
り
∂
り
り
り 十r3
∂
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り ﾁr3
θ
り
ﾁ『
勺 ﾁrJ
恥 ‰s
1S
Therankofthismatrixiseasilyseentobe3,butthereis
no(3×3)nonsingularprincipalminormatrix.Thelargest
nonsingularprincipalminormatrixisa(1×1)matrix.The
orderofcomplexityofthisnetworkis2..Thereisno(psxps)
nonsingularprincipalminormatrixforanyovernormaltreeof
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thenetwork.Forthiskindofnetworkthederivationofthe
stateequationsneedsmorecomplexprocesses.
→●/¶β
%
Fig.5.2Example5.1(byT.Nitta[5.5]).
£旦旦旦二二二旦'Forsomenetworkstheexistenceofa(pxp)non-
singularprincipalminormatrixdependsonthechoiceofthe
7overnormaltree.工fcapacitorぴjinthenetworkshownin
Fig.5.3a'SExample5.2isinC:Ludedin?″therankofB邱M6(XQ(zj‘
is2,butthereisno(2×2)nonsingularprincipalminor
matrix.Someotherovernormaltree.･however,sayatreeべ
withcapacitorと77asatreeelement″leadstothematrix
with(2X2)nonsingu:L&rprincipalminormatrix.Theorder
ofcomplexityofthisnetworkis3.犬十l
←.
%
-
Fig.5.3Example5.2
9
82
Case1-3.ForthenetworkobtainedfromthenetworkinFig.5.2
byexchanginga3and6J″Wegeta(pxp)nonsingularprin-
cipalminormatrixforanypossibleovernormaltree.The
networkisshowninFig.5.4asExample5.3.
%
→
Fig.5.4Example5.3(byT.Nitta[5.5】).
じ
Letusnowstudythecaseswheretherearesomespecial
relationsamongtheelementvalueS,andMaFOrydbecomes
singular.工nthesecaseswegobackto七heoriginalnetwork
equations.工tmayormaynotbepossibletogetasetofstate
equationsdependingonthenetworktopologyandtheelement
fvalues,asareillustratedinthefollowingexamples.
Case2-1.Evenif･M
卵 issingular.asetofstateequations
canbeobtained.AnexampleisgiveninFig.5.5asExample･
5.4.工frjZ°1'j″M(zFforthisnetworkissingular,buta
stateequationforびS2
Case2-2.M
canbederived.
卵
issingular,andsomeofthevariablesin(5.4)-
(5.7)areindeterminate.Nosetofstateequationseχists.
Fore°c゛17ple゛ifr191°1.inExample5゛5inFig.5°6″M(x6is
singularandﾘ
Case2-3.M
6･1
isindeterminate
邱
issingularandnosolutionofthenetwork
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Fig.5.5Example5.4
Fig.5.6Example5.5
→
り
●
り1°j?″M(x6issingular°Nosolutionof七henetworkequations
existsforび
~
ﾒ∂
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●a
Fig.5.7Example5.6
-
Theorderofcomplexitymayormaynotdecreasecompared
withthenetworkwiththesamenetworktopologyandelement
kindbutwithnonsingularM(x6orMY6･FromExample5.4adis-
advantageofusinganovernormaltreecanbepointedout.The
priorityof‘current-controlledvoltagesourcestobeincluded
inanovernormaltreeishigherthanthatof'capacitors,and
thepriorityofresistorsis｡lowerthanthatofcapacitors.
Therearecases.however,whereacurrent-controlledvoltage
sourcecanberegardedasonlyaresistor,rather,thana
mutuallycouplingtwoportelement.Thenthecapacitorwhich
constitutesaloopwithsuchacurrent-controlledvoltage
sourcecanberemovedfromthecotreeandincludedinthetree.
Inthesecases,therefore,itcanbesaidthatthenumberof｀
capacitorsinthecotreebecomesunnecessarilylargedueto
thepriorityspecifiedfortheovernormaltree.工ncidentally
Example5.4servesasacounterexampletoTheorem30frefer-
ence[1.2],showingthatthetheoremisnotalwaysvalid｡
Finallyweremarkonthecondition(i)inTheorem5.8.工t
isexactlythesufficientconditioninTheorem4｡2forthe
existenceofacommontreeofthevoltageandcurrentgraphs.
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Thusitguaranteestheexistenceofstateequationsifthere
ヽisnospecialrelationsamongtheelementvalues.Moreover
itsimplifiestheformofthe･networkequationsascanbeseen
in(5.4)and(5.5)｡,andmakesitpossibletotreatanactive
networkalmostlikeanRLCnetwork.Itisnotanessential
condition,however,fortheexistenceorthederivationof
stateequations.
5｡4CONCLUDINGREMARKS
Thestateequationsandtheorderofcomplexityofactive-
networksarestudiedfromthenetworktopologicalpointof
view.withtheefforttopreservethetopologicalproperties-
inthemanipulations,wehavesucceededinshowingtheresults
whichareverymuchalikethoseofRLCnetworks.Theorder
ofcompleχityisstated‘withrespecttoanormalcommontree.‘
whichisexactlya.directextensionofanormal･treeofan
RLCnetwork.Thestateeqﾘationswhichcanbederivedfrom
(5.17)hasonlythefirstderivativetermsofexternalforces
likethepassivecase.Aquestionmightarisethatthederiva-
tionofstateequationsusinganormalcommontreeinsteadof万
anovernormaltree,wouldbemoreappropriate.Usuallywe
havetogothroughal!lorecomplicatedeliminationprocessif
weuseanormalcommontree.一一･
86
●
ACKNOWLEDGEMENT
Theauthorwishestoexpresshisdeepgratitude
toProfessorAkiraKishimaandProfessorYoshio
Hattorilfortheirconstantencouragementandquid-
anceduringthecourseofthisstudy.Special
thanksareduefortheirreadingthemanuscriptand
makingpreciseandhelpfulsuggestionstocomplete
thedissertation.Theauthoralsowishesto
thankMr.TanzoNittaforhisusefulandstimulating
discussions.ﾉ
87
REFERENCES
Chapter1.●I
'･[1.1]Hattori,Y.andOzawa,T.,Graph-riroれKaisetsu
ばれtr(ﾌduationtoGraph,!Theor!/ﾉ,Shokodo,Tokyo,1974.
[1.2]DeClaris,N.andSaeks,R.,'･Theoreticfoundationsof
finitenetworkandsystemanalysis,"inAspectsofNetりork
αaZβ!ﾀﾞstemThe｡rwjKalman,R.E.andDeClaris,N.edit..
Holt,RinehartandWinston,工nc,N.Y.,1971.
[1.3]Mayeda,W.,｡とIraphTheor!ﾀﾞ,Wiley一ｴnterscience,N.Y.,1972.
[1.4]Davies,A.C.,"Thesignificanceofnullators,norators
Tandnullarsinactive-networktheory,"RadioElect.Eng･
vol.34,pp.259-267.,1967.,
Chapter2.'
[2.1】Reza,F.M.,"Orderofcomplexityandminimalstructure
innetworkanalysis,"Proc.Symp.0ncircuitAnalysis,
Univ.0f工llinois,Urbana,111.,pp.(7-1)-(7-33),1955･
[2.2]Hattori,Y.,"Networkanalysisbyusingeffectiveinde-
pendentvariables,"CTMonograph,No.69-3,Technical
GrouponcircuitTheory,工nst.Elect.Coimnun.Eng.Japan,
:L963.,
[2.3]Hattori,Y~Kobuchi,Y.andUyama,C.ﾊﾟ'Astate゛゜riable
approachtonetworkanalysis:Part工,"Tech.Report,
工nst.Atom.Energy,KyotoUniv,'No.156,1972.
[2.4]Tutte,W.T.,工ntroductiontotheTheoryofMatroid,
p.23,AmericanElsevior,N.Y.,1971.
【2.5卜Ozawa,T.,"Onthedegreeofinterferenceandcertain
88
treesofamulticolored-branchgraph,"Trans.Inst.Elect.
Commun.Eng.Japan,vol.55-A,pp.642-643,1972.
[2.6]Ozawa,T.,Hirao,S.andHattori,Y.,"Someproperties
ofmulticolored-branchgraphs,"Mem.Facul.Eng.Kyoto
Univ.,vol.35,pp.381-391,1973.
[2.7】Kishi,G.andKajitani,Y･,"Maximallydistanttreesand
principalpartitionofalineargraph,"工EEETrans.Cir-
cuitTheory,vol.CT-16,pp.323-330,1969;also,"Maximally
distanttreesinalineargraph,"Trans.工nst.Elect.
Cominun.Eng.Japan,vol.51-A,pp.196-203,1968.
[2.8]Tutte,W.T.,"Menger'Stheoremformatroid,"Jour.Res.
NBS,VO1.69B,pp.49-53,1965.
Chapter3.
[3.11Tsuchiya,T.,Ohtsuki,T.,工shizaki,Y.･andWatanabe,H.
"Topologicaldegreeoffreedomofelectricalnetworks."
Proc.5thAllertonConf.CircuitSyst.Theory,pp.644-653,
1967;alsoOhtsuki,T.,工shizaki,Y.andWatanabe,H.,
"Networkanalysisandtopologicaldegreeoffreedom,"
Trans.工nst.Elect.Commun.Eng.Japan,v01.51-A｡pp.238-‘
245,1968.
[3.2]Ozawa,T.,"Ontheminimalgraphsofacertainclassof
graphs."工EEETrans.CircuitTheory,vol.CT-18,p.387,
1971.
[3.3]Ozawa,T.,"Aprocedureofgraph-partitioningforthe
mixedanalysisofelectricalnetwork's,"Mem.Facu:L.Eng･
Kyo｡toUniv.vol.･33,pp.128-133,1971.｡
[3.4]Dulmage,A.L.andMendelsohn,N.S.,"Coveringofbipart-
89
itegraphs,"Canad.Jour.Math.,vol.10,pp.517-534,
1958.十,
[3.5】Dulmage,A.L.andMendelsohn,N.S･,¨Astructuretheory
ofbipartitegraphsoffiniteexteriordimension."Trans.
Roy.Soc.Canada,Sect.工工工,vol.53,pp.1べL3,1959.
【3.6】Iri,M.,"Combinatorialcanonicalforit!ofamatrixwith
app:Licationstotheprincipalpartitionofagraph,"
Trans.工nst.Elect.Commun.Eng.Japan,VO1.54-A,pp.30-
37,1971.
口.7]Tomizawa,N.,"工rreduciblematroidsandprincipal
partitionofamatroidintoirreducibleminors,"CST
Monograph,CST74-8,TechnicalGrouponcircuitandSystem
Theory,工nst.Elect.Commun.Eng.Japan,1974.
Chapter4.
[4.1]Malic,N.R.andHale,H.W.,"Equationsforactivenet一
犬works:Existenceof'uniquesolutions.".工EEETrans.Cir-
cuitTheory,vol.CT-14,pp.37-43,1967.……
[4.2]Parker,S.R･･andBarmes,V.¶r｡¨Eχistenceofnumerical
solutionsandtheorderoflinearcircuitswithdependent
sources,"工EEETrans.CircuitTheory,vol.CT-18,pp.368-
374,1971./‘
[4.3]Purslow,E.J.,"Solvabilityandanalysisoflinear
activenetworksbyuseofthestateequations/'IEEE
Trans.circuitTheory,VOl.CT-1‘7,pp.469-475,1970.
[4.4]Chen｡W.K.andChen,F.N.,"Ontheuniquesolvability
oflinearactivenetworks."IEEETraりs.circuitand
¬Systems,vol.CAS-21,pp.26-35,1974.つヶ∧.
90
W●
【4.5】Ho,Y.S.andRoe,P.H.,"Existencetheoreminthetime
domainforlinearactivenetworks,"工EEETrans.Circuit
andSystems,vol.CAS-21,pp.175-177,1974.
[4.6]Carlin,H.J.,"singularnetworkelements."工EEETrans.
circuitTheory,vol.CT-11,pp.67-72,1964.
[4.7]Ozawa,T.,"Ontheexistenceofcommontreesinthetwo-
graphmethod,"Trans.Elect.Commun.Eng.Japan,vol.56-
A,,pp.371-372,1973.
[4.8]Tow,J.,"Orderofcomplexityoflinearactivenetworks.･･
Proc.工EE,vol.115.pp.1259-1262,1968･｡
[4.9]Ozawa,T.,"Onthenetworktopologyoflinearactive
networks,"CTMonograph,CT72-32,TechnicalGroupon
circuitandSystemTheory,Inst.Elect.Commun.Eng･
Japan,1972.
[4.10]Minty,G.,"Asimplealgorithmforlistingallthetrees
ofagraph,"工EEETrans.CircuitTheory,vol.CT-12,p.120,
1965.ヶ
[4.11]Ozawa,T.,"Commontreesandpartitionoftwo-graphs,"
Trans.Elect,Commun.Eng,Japan,vol.57-A,pp.383-389,
1974.
[4.12]Mirsky,L.,TraれsvevsaZTheory,kcademicPress,N.Y.｡
1971.
[4.13]Kuhn,H.W.,"TheHungarianmethodfortheassignment
problem,"十NavalRes.Logist.Quart･,vol.2,pp.83-97,
1955,0rFord,L.D.Jr.andFulkerson,D.R.,Flows石l
//etworks,PrincetonUniv.Press,Princeton,1962.
91
Chapter5.
[5.1]Kuh,E.S.andRohrer,R.A.,"Thestate-variableapproach
＼tonetworkanalysis,"Proc.工EEE,vol.53,pp.672-686,
一一1965.
[5.2]Hirano,K･,Nishi,F.andTominaga,S.,"Someconsider-
ationsonstateequationsoflinearactivenetworks,"
Intern.Jour.CircuitTheoryandAppl.vol.2,pp.39-50,
1974.
[5.3】Ozawa,T.,"Orderofcomplexi七yoflinearactivenet-
worksandacoiranontreeinthe2-graphmethod,"E:Lectron.
Letters,vol.8,No.22,pp.542-543,1972.
[5.4]Tomizawa,N.and工ri,M･,"Analgorithmforsolving
the'independentassignmentproblem'withapplicationto
theproblemofdeterminingtheorderofcomplexityofa
network,"Trans.工nst.Elect.Coiranun.Eng.Japan,vol.57-
A,pp.627-629,1974.
[5.5]Ozawa,T.andNitta,T.,'･Someconsiderationsonthe
stateequationsoflinearactivenetworksandthenetwork
topology,"Mem.Facul.Eng.KyotoUniv.vol.34,pp.413-
424,1972.
92
?????
